PV-0230: Risk assessment of solid secondary malignancies in childhood Hodgkin Lymphoma after radiotherapy  by Zanella, G. et al.
S104                                                                                     ESTRO 35 2016 
 _____________________________________________________________________________________________________ 
vector length of the baseline shift exceeded the PRV margin 
during treatment was scored. In these cases, it was 
investigated whether or not this would result in overdose for 
the OAR.  
Furthermore, the change in baseline shift was calculated for 
the first and second half of each fraction as well as for the 
fraction as a whole. The average vector length and standard 
deviation of the change in baseline shift were determined per 
patient and for the population as a whole. Data were 
stratified according to the applied protocol.  
 
Results: Figure 1 shows the results of change in baseline shift 
during treatment. Slightly larger changes in baseline shift 
were seen in the 3x18Gy and 5x11Gy protocol. In 11 out of 
460 treatment fractions, the baseline shift exceeded the PRV 
margin at the end of the treatment fraction. In none of the 
patients this exceeding led to overdosage. 
 
 
Conclusion: Intra-fractional baseline shift can vary 
substantially during treatment, especially in patients treated 
with a 3x18Gy or 5x11Gy protocol. However, clinical impact 
of changes in baseline shift during treatment were not found 
in this study. A single assessment of the baseline shift at the 
start of treatment ensures a safe treatment delivery. 
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Purpose or Objective: In our institution, orthogonal kV X-
rays is at present the preferred imaging method for children 
as imaging dose is a concern. In this study, we varied the 
CBCT acquisition parameters and investigated how much we 
can reduce dose, and still be able to perform a secure bone 
match in clinical practice. 
 
Material and Methods: An Alderson phantom equivalent to an 
adult was CT scanned. Due to the absence of a real child size 
phantom only the head and neck was used. On our Varian 
Novalis Tx accelerator, we performed 12 full-fan 200° CBCT 
scans with different parameter settings. The number of 
projections, mA and ms were systematically decreased, while 
kV was constantly at 100. After each scan an automatic bone 
match was performed to investigate the ability to perform 
this kind of match, since this is our procedure in clinical 
practice. The image quality of the scans was visually 
inspected for noise and artefacts. Six of the scans were 
chosen for dose measurements relative to the standard 
preset for these types of scans. The relative dose 
measurements were performed using the RTI Barracuda 
system, consisting of a DCT10-pencil ion chamber positioned 
in the centre of the CTDI 16 cm diameter cylindrical 
phantom. The parameters from the scan comprising the 
largest dose reduction and with the ability to match were 
used for a new CBCT preset. The phantom was CBCT scanned 
with the old and the new preset. Additionally the phantom 
was four times repositioned slightly different and re-scanned. 
Four RTT’s independently matched these CBCT scans with the 
original CT scan offline in order to validate the new preset. 
 
Results: A dose reduction of up to a factor of 14 could be 
achieved by changing the full-fan CBCT scan parameters from 
20 mA and 20 ms (standard preset) to 10 mA and 2 ms. 
Reducing the number of projections from 650 to 360 added 
no further dose reduction. The new imaging preset results in 
a total dose of only 0.39 mGy compared to 0.14 mGy for 2 
orthogonal X-ray imaging. Table 1 shows the average match 
difference between the different presets. The maximum 
deviations are +/-0,5 mm and 0.6º. Figure 1a+b show the 





Conclusion: It is possible for RTT’s to use low dose daily 
CBCT scans in paediatric radiation therapy and still perform a 
reliable automatic bone match. 
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Purpose or Objective: This work develops risk assessments of 
solid secondary malignancies (SMN) after radiotherapy (RT) in 
survivors of childhood and adolescent Hodgkin Lymphoma 
(HL) patients (pts) using the Schneider’s dose-response model 
for solid cancers induction (Theoretical Biology and Medical 
Modelling 2011), comparing conventional technique (3D-CRT) 
with IMRT delivered with Helical Tomotherapy (HT). 
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Material and Methods: Our cohort includes 15 pts (6 girls, 9 
boys) treated with RT for HL, in age 6-25 years (median 17) 
at the RT, from 2008 to 2013. The 15 pts are representative 
of different RT target volumes (e.g. bilateral neck, ipsilateral 
neck, mediastinum, mantel-field, lombo-aortic and spleen, 
inverted Y, inguinal field, or a combination of them). We 
calculated the excess absolute of risk (EAR) end the 
cumulative risk of “all solid” and “single organ” SMN: mouth 
and pharynx, parotids glands, thyroid, lung, stomach, small 
intestine, colon, liver, cervix, bladder, brain and spinal cord, 
skin, female breast, bone and soft tissue. Every HT plan has 
been compared with 3D-CRT plan, both for EAR, cumulative 
risk and target coverage. 
 
 
Results: The risk of SMN solids is high, for both techniques, 
for breast, lung, thyroid, skin and colon. Some HT treatments 
may lead to increased risk of SMN solid than 3D-CRT plans, 
depending on the patient's age at exposure, on the specific 
organ volume or target volume and on the dose-response of 
each site. All the HT plans have the best conformation to the 
target and the greatest homogeneity of the dose to it 




In this table: EAR (/10000 pts-year) at agea 60 in HT and 3D-
CRT for all pts (1-15: pink=girl, cyan=boy); DT=target dose in 
cGy, agex= age at pt's radiation treatment, n= number of RT 
fractions.Green=max value for each line.Red= statistically 
significant EAR ratio with EAR HT>EAR 3D-CRT; blue= 
statistically significant EAR ratio with EAR 3D-CRT> EAR HT 
 
Conclusion: Even if HT increases the target coverage in all 
pts, it could increase the incidence of SMN compared with 
3D-CRT for long-term survivors, depending on single specific 
target, target volume and pts age. However, EAR estimates 
are affected by large uncertainties and more works should be 
performed to better understand the risk of SMN with modern 
RT techniques after a childhood cancer. 
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A central independent quality assurance (QA) process is 
acknowledged as an essential component of current 
radiotherapy clinical trials. QA processes are implemented 
both pre accrual and during accrual. The former ensures 
centres have the equipment, expertise and ability to comply 
with trial protocol requirements and that they are able to 
deliver treatment accurately and consistently. During accrual 
processes assure continued compliance and consistency of 
treatment delivery both within individual centres and across 
all recruiting centres throughout the trial. The key process 
areas in QA activity are: 
Target volume and organ at risk outlining 
Treatment planning and optimisation 
Treatment delivery and verification 
Dosimetry Audit 
This talk will focus on the following main themes expanding 
on the processes involved and providing evidence and 
examples from individual trial QA programmes. 
The implementation of clinical trial QA: Appropriate QA tasks 
to include questionnaires, process documents through review 
of example patient cases to dosimetry audit site visits, are 
assigned on an individual trial basis. The level of QA required 
will vary according to the complexity and novelty of the 
radiotherapy technique. 
Defining standards: It is well recognised that target volume 
and OAR delineation and treatment planning and optimisation 
may be variable and open to individual interpretation. 
Through multi professional trial workshops, provision of 
delineation guidelines and setting of dose-volume 
constraints, consensus benchmark standards can be defined. 
Assessment against a benchmark: Conformity metrics and 
pre-defined mandatory and optimal dose constraints can be 
used to review against consensus standards to highlight 
potential protocol variations. Historically this review has 
been retrospective; however increasing use of prospective 
evaluation with constructive feedback can allow correction of 
protocol variations before treatment is delivered.  
Verification of treatment delivery: Dosimetry audit in the 
form of a postal or site visit serves to provide an independent 
assessment of dose delivered and directly compares 
individual centres. Recently, resulting from advances in 
image guidance, adaptive radiotherapy has been introduced 
in the clinical trial setting, introducing new challenges in 
assessment of plan selection competency and compliance.  
As more advanced technology is introduced in the clinical 
trial setting, QA activities must continually evolve to provide 
a safe framework for implementation of technical 
radiotherapy. Increased participation in clinical trials 
demands a streamlined approach to QA to reduce workload, 
improve efficiency and facilitate opening centres for 
recruitment earlier. Participation in a comprehensive QA 
programme not only accredits the centre for recruitment but 
also benefits the general standard of RT delivered. 
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Radiotherapy (RT) planning and delivery for cancer 
management has substantially evolved over the last three 
decades with lately the introduction of intensity modulated 
RT, image-guided RT and stereotactic ablative RT to name a 
few techniques. The evaluation of these high precision 
delivery techniques in routine care and in clinical trials alike 
are error prone. They thus do require optimal RT quality 
(RTQA) assurance programs which aim at defining the range 
of acceptable variations and importantly developing 
mechanisms of action for correction and prevention of 
potential variations. RTQA outside a clinical trial is defined 
by all processes that ensure consistency of the dose 
prescription and the safe delivery of that prescription with 
regard to dose to the target and critical structures, 
minimization of the exposure of the RT personnel. In the 
framework of clinical trials assessing the efficacy of RT with 
or without a combined modality, RTQA is also necessary to 
avoid the corruption of the study-endpoint, as RT variations 
from study protocol decrease the therapeutic effectiveness 
